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At  the  Soil  CcmBervation  Service  N\arsery  near  Albuquerque, 
J.A.  Downs,  Ifursery  Manager,  and  Chris  Hoyer,  Foreman,  rendered 
invaluable  assistance.    The  irrigation  trials  in  the  Santa  Fe- 
Sandoval  Soil  Conservation  District  were  made  in  cooperation  "with 
John  Stevenson,  Work  Unit  Conseinrationist,  and  Don  Smith,  Soil 
Scientist*    The  irrigation  trials  in  the  San  Juan  Soil  Conservation 
District  were  made  in  cooperation  with  Carl  Walker,  Engineer; 
Vern  Hugie,  Soil  Scientist,  and  Harold  Thatcher,  Work  Iftiit  Conser- 
vationist*   The  mechanical  analyses  and  moisture  equivalent  data 
from  the  San  Juan  Soil  Conservation  District  were  reported  "by 
Austin  Erickson,  Soil  Scientist,  Soil  Conservation  Service  Soils 
Laboratory,  State  College,  New  Mexico. 


IRRIGATIOH  TRIALS 


Irrigation  is  generally  taken  for  granted  by  most  people  here  in 
the  west.    Often  the  people  who  irrigate  need  to  know  more  about  the 
land  and  how  it  takes  and  holds  water.    Each  soil  has  a  certain  water 
holding  opacity.    Vfhen  it  is  full,  any  extra  water  added  either  runs 
off  or,  in  some  soils,  goes  belov^  the  plant  roots  and  is  lost  for  use 
by  plants.    On  the  other  hand,  some  soils  take  water  so  slowly  that 
they  are  not  filled  diiring  the  period  of  irrigation.    On  such  soils 
the  plants  soon  show  stress  and  don* t  make  rapid  growth.    To  do  a  good 
Job  of  irrigating  we  need  to  know  several  facts  about  the  soil.  How 
deep  is  the  soil?    How  much  water  does  it  hold  two  days  after  an 
irrigation  (net  gain)?    How  fast  can  it  take  vfater  (intake  rate)?  Do 
we  need  to  remove  salt  from  the  root  zone?    Are  we  losing  plant  food? 
V/hat  difference  does  the  cover  or  condition  of  the  surface  make  in  the 
rate  and  amount  of  water  taken  into  a  soil? 

The  trials  reported  here  may  assist  you  in  answering  some  of  these 
questions.    Or  perhaps,  they  may  suggest  how  some  of  the  ansvrers  might 
be  obtained.    Most  of  these  trials  were  made  on  soils  that  take  water 
well.    The  soils  are  usually  underlain  by  rather  infertile  river  sand 
at  a  depth  varying  between  20  and  36  inches.    Roots  are  sparse  or  lack- 
ing in  this  sand.    Consequently,  these  soils  are  limited  in  the  amount 
of  water  eind  plant  foods  that  they  can  store. 

The  results  reported  in  this  study  have  been  selected  from  26  facilitating 
soil  moisture  studies  iiidiich  were  made  before  and  after  irrigation  at  the 
Soil  Conservation  Service  Nursery  near  Albuquerque  since  I9L1.5.    The  results 
from  foTor  similar  studies  made  in  the  San  Juan  Soil  Conservation  District, 
New  Mexic'd,  and  two  in  the  Santa  Fe-Sandoval  Soil  Conservation  District 
are  included.    All  of  the  studies  made  were  in  connection  with  border 
irrigation  except  those  in  the  San  Juan  Soil  Conservation  District  which 
were  row  irrigation  and  corrugation. 

The  following  explanatory  information  pertains  to  the  figures  shown  in 
this  paper.    The  vertical  scale  showing  the  slope  of  the  ground  surface 
has  been  exaggerated.    A  horisontal  dash  line  has  been  used  to  indicate 
the  lower  limit  of  the  root  zone.    Field  capacity  expressed  in  inches 
of  soil  moisttire  per  ten  inches  of  soil  (figure  l)  may  be  obtained  by 
following  the  right  hand  outer  line  of  graph.    The  field  capacity  of 
the  entire  root  zone  for  each  third  of  the  border  may  be  obtained  by 
adding  the  inches  net  gain  with  inches  of  soil  moisture  before  irrigation. 

Median  discharge  values  have  been  reported  since  half  of  the  individual 
values  are  above  it  and  half  ere  below  it.  Thus,  an  extreme  value  does 
not  receive  increased  weight  as  it  does  if  one  uses  an  average. 

Water  application  efficiency  is  calculated  from  the  formula: 


Water  application  s  Net  gain  in  root  zone  

efficiency  %  Amount  of  water  delivered  to  farm 
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The  soil  tmit  numbers  used  in  this  report  are  those  defined  in  the 
conseiTTation  s\irvey  guide  for  Region  VI • 

Nitrate  nitrogen  and  ammonia  were  determined  on  certain  samples  taken 
before  irrigation  and  2  days  after  irrigation  at  the  Albuquerque  Soil 
Conservation  Service  Nursery.    The  aunaonia  was  determined  hy  distil- 
lation of  KCl  extract.    The  nitrates  were  determined  on  a  1:5  COg 
extract  using  phenol  disulphonic  acid  method. 

A  detailed  explanation  of  the  procedures  used  will  be  given  in  a 
technical  report* 

BORDER  IRRIGATION -DISCHARGE  1.5-2.5  c.f.s. 
Eigh  Spots  on  Permeable  Clay,  Soil  Unit  13P2 

One  of  the  most  important  factors  in  getting  the  efficient  use  of 
water  is  to  have  an  even  surface.    Remove  the  high  spots.    This  study 
was  set  up  to  show  the  waste  of  water  and  soluble  nitrogen  that 

results  on  relatively  short  borders  which  have  an  uneven  surface. 

A  border  of  weeping  lovegrass,  3^  feet  wide  and  380  feet  long,  was 
selected  on  a  clay  soil.    You  can  see  in  figure  1  that  there  was  a 
high  spot  0.3  foot  above  grade  in  the  middle  third  of  the  border.  In 
each  of  the  three  irrigations  studied,  we  attempted  to  get  coverage 
of  this  tineven  border  with  a  minimum  amount  of  water  by  shutting  off 
the  flow  when  the  water  reached  a  distance  260  feet  from  the  weir.  In 
selecting  this  point  we  were  gtdded  by  the  slope  of  the  border,  the 
difference  in  elevation  between  the  high  water  line  in  the  ditch  and 
the  highest  spot  on  the  border,  supplemented  by  cutting  the  water  off 
at  a  set  point  during  previous  irrigations. 

The  first  trial,  August  1,  19^5 »  "'"'a-s  made  when  the  clay  surface  soil 
was  badly  cracked.    Purthemore ,  there  was  a  heavy  grass  mulch  two 
inches  thick  as  well  as  a  heavy  swath  of  hay  left  by  the  combine  when 
the  grass  seed  was  recently  harvested.    The  combination  of  the  high 
spot  and  the  heavy  mulch  forced  most-  of  the  vrater  to  rtin  arotand  the 
high  spot,  so  although  7»2  inches  of  water  were  applied,  the  middle 
third  of  the  border  gained  only  O.7  inch  of  soil  moisture.    Ihis  area 
would  have  gained  at  least  two  inches  of  water  from  this  irrigation 
if  the  high  spot  had  been  removed.    The  high  spot  and  the  mulch  also 
resulted  in  an  unsatisfactory  irrigation  in  the  upper  third.  Here 
there  was  a  leaching  irrigation  with  a  loss  of  8.0  inches  of  water 
into  the  river  sand  which  lies  below  the  root  zone.    Thus,  this 
irrigation  leached  plant  food  in  the  upper  and  lower  thirds  of  the 
border,  whereas  penetration  was  less  than  20  inches  deep  in  the  middle 
third.    Water  application  efficiency,  as  defined  in  page  1,  was  only 
UOfo,    Of  course,  such  an  irrigation  was  unsatisfactory  but  we  were 
growing  a  perennial  crop  which  we  did  not  want  to  plow  xmder  in  order 
to  level  the  high  spot. 

The  heavy  mulch  present  in  the  first  trial  was  believed  to  be  contribut- 
ing to  heavy  losses  of  water  and  soluble  nitrogen  into  the  xinderlying 
sand.    So  in  March,  1^6,  before  the  second  trial,  the  mulch  was 
removed.    On  April  2L\.,  fovar  sacks  of  ammonixan  sulfate  (20.55^N)  were 
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Date  May  21,1946  Cut  off  at  260'  from  weir 

Median  discharge  2.lc.f.s.      Size  of  area  36'x380' 
Water  applied  4.5"  Water  application  efficiency  64% 

Time  applied  37minutes  Mulch-none 
Crop-weeping  lovegrass,20"high  in  rows  3' opart. 

FIGURE  I.  Border  irrigation  trial  on  a  clay  top30il,soil  unit  I3P2,  uneven  grade,  field  3, border  5,SCS 
Nursery.  The  soil  was  badly  cracked. 

CONCLUSIONS:  The  0.3'  high  spot  should  be  cut  and  the  border  leveled  to  uniform  grade.  Removing 
the  mulch  increased  water  penetration  in  the  middle  third  of  the  border  but  76  pounds  of  nitrate 
nitrogen  and  2.9"  of  water  were  lost  into  the  sand  from  the  upper  third  of  the  border. 
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applied  per  acre  with  a  drill  and  irrigated  down  with  a  2,8  inch 
irrigation.    The  soil  was  moist  prior  to  irrigation  and  good 
penetration  occurred  in  the  high  spot  area.    Henoval  of  the  mulch 
allowed  water  to  flow  freely  over  the  high  spot  and  increased  the 
irrigation  efficiency  appreciably. 

The  next  irrigation  was  made  on  May  23,  figure  1.    The  clay  surface 
soil  was  badly  cracked  again,  as  in  the  first  trial  but  the  mulch 
had  been  removed.    Although  the  minimum  volume  of  water  was  applied, 
which  would  adequately  cover  the  border,  the  upper  third  of  the 
border  received  a  leaching  irrigation.    Here,  the  high  spot  ponded 
water  long  enough  to  cause  loss  of  nitrate  nitrogen  equal  to  three 
sacks  of  ammonixm  sulfate  along  with  2.9  inches  of  water  from  the 
root  zone  into  the  ttnderlying  river  sand.    The  high  spot  caused  a 
$10  loss  per  acre  of  fertilizer  and  a  water  application  efficiency 
of  only  6li%*    It  is  obvious  that  the  high  spot  should  be  removed  and 
the  border  leveled  to  uniform  grade. 

These  three  trials  show  that  excessive  losses  of  water  and  fertility 
occur  on  uneven  borders,  even  though  they  are  shorter  in  length  than 
commonly  reccssmended. 

Uneven  Long  R^m,  Permeable  Clay  Loam,  Soil  Unit  2I4P2 

We  have  observed  in  the  preceding  trials  that  an  uneven  surface  caused 
excessive  losses  of  water  and  soluble  nitrogen  especially  in  the  upper 
third  of  a  border  380  feet  long.    Would  the  location  of  such  losses  be 
any  different  in  a  border  770  feet  long  with  an  uneven  surface?  Such 
a  study  was  made. 

A  border  of  weeping  lovegrass,  36  feet  wide  and  380  feet  long,  was 
selected  on  a  clay  loam  surface  soil,  soil  xmit  2liP2.    You  can  see 
in  figure  2  that  the  grade  was  nearly  flat  in  the  upper  third  of  the 
border  and  that  there  was  a  basin-like  depression  in  the  lower  third 
of  the  border.    If  the  slope  were  uniform,  it  would  average  0.1^,  In 
five  out  of  six  irrigations  studied  we  attempted  to  get  coverage  of 
this  \meven  border  with  a  minimian  amount  of  water  by  shutting  off  the 
flow  when  the  water  reached  a  distance  of  520  feet  frcm  the  flme.  In 
selecting  this  point  we  were  guided  by  the  same  considerations  that  we 
used  in  the  previous  area. 

The  first  trial,  August  22,  19^5,  was  made  after  the  six-inch  regrowth 
of  weeping  lovegrass  had  been  wilting  several  days.    At  this  time  there 
was  a  grass  mulch  l/2  inch  thick.    Under  these  conditions  66  minutes 
elapsed  before  the  water  reached  the  stake  520  feet  from  the  weir. 
By  this  time  h«3  inches  of  water  had  been  applied,  and  the  0-21  inch 
root  zone  stored  only  2.8  inches  of  soil  moisture.    Excessive  penetration 
oocured  throughout  the  border  except  in  the  upper  third  of  the  border 
which  has  a  low  intake  rate  in  late  summer.    If  this  border  were  cut 
in  half,  the  minimum  volume  of  water  required  for  adequate  coverage 
could  be  cut  in  half •    If  this  were  done,  you  could  shut  off  the  flow- 
when  the  water  reached  a  point  300  feet  frcan  the  flume.    This  point 
was  reached  in  32  minutes,  whereas  an  additional  3h  minutes  were 
required  to  advance  the  next  220  feet.    Although  this  rtm  was  too 
long,  we  shall  see  more  clearly  in  the  following  studies  that  the 


o 
o 
oo 


o 
o 


O 
O 


o 
o 


o 
z 
<t 


Q. 
UJ 

o 
z 


»- 

UJ 
0. 

Ul 
h- 

<n 
o 


O 

u. 
o 


If) 


Q. 
O 
_) 

in 


1  3  3  i 


few 
oo 

CEb4 


O 


ID 

to 
o 


tM 

en 


0) 


o 
o 

c 
o 


0) 

-♦— 

o 
Q 


ro 

>, 
o 
c 

o 


<1> 

c 
o 

o 
o 

"3. 

Q. 
O 

L_ 

(U 
-4— 

o 


E  h 

CO 


T3 

"5. 
o 

E 


CM 

-D 
QJ 

■q. 
a 
o 

a> 


o 
O 


O 
Q. 
O 
■fO 
<r> 
3 
O 


sz 
gi 

w 
to 

D 
i_ 

o> 

> 
O 

o> 
c 

■q. 

Q) 
0) 

I 

Q. 

e 

o 
o 


to 
o 

3 


E 
o 


CD 

2?  o 


3 

o 


c 
o 


D 


0) 
I— 

o 
a> 
CD 

□ 


-o 
c 
o 
to 

o 


to 
to 
_o 

■a 

o 
£ 

(O 
LU 


0) 
•*- 

o 

(O 

o 
■o 

(NJ 

c 
o 

"5 


O 


c 
© 

o 
> 

'5 
cr 
a> 

en  § 

•O  (N) 

O  >*- 
£1  O 

oo"  S 

0)  TO 

^  <» 
'4-  >- 

<M  Q) 
4-  > 

E  ° 

3 

—  2 

5  3 
(O  o 

_r  5 

in  0) 
a  p 

il 

o  o 

-  £ 

>>  o> 
o  c 

0  is 

o 

E  cj. 

i| 

O)  0) 
c  »- 

c 

c  o 

1  2 

§  E 


§1 


c 
o 
tn 
i_ 

> 

P 
"c 
tl> 


t  0)  to 

L-  a>  E 

Q}  _l  3 

■p  ■■  c 

CD  2  E 

■  O  E 

CM  CO  ° 

UJ  3 

^  O  to 

Z>  2 

2  o  8 

Li_  O  to 


CO 

> 

cr 
< 

3 

m 


uneven  surface  also  resulted  in  low  water  application  efficiency. 

On  April  2h,  ISU^t  eight  sacks  per  acre  of  ammoniTan  sulfate  were 
drilled  and  irrigated  dovm  with  3*9  inches  of  water.    The  soil 
was  moist  prior  to  irrigation  but  the  need  for  nitrogen  could  not 
"be  delayed  without  still  further  reducing  seed  yields.    The  water 
application  efficiency  of  this  irrigation  was  only  31%  and  was  a 
leaching  irrigation  even  in  the  upper  third  of  the  border*  Apparent 
ly  freezing  temporarily  improved  the  soil  structure  thereby  increas- 
ing the  intake  rate;  consequently,  nitrate  nitrogen  equivalent  to 
two  sacks  of  ammonium  sulfate  were  lost  fraa  the  O-3O  inch  depth. 
The  highest  losses  of  water  occured  in  the  nearly  flat  upper  third 
and  the  basin  like  lower  third. 

The  next  irrigation.  May  22,  was  made  because  at  least  one-fo\irth 
of  the  fertilizer  was  held  in  the  dry  surface  inch.    At  this  time, 
the  weather  was  Tdndy  and  the  grass  showed  some  stress  although 
only  half  of  the  available  moisture  in  the  root  Eone  had  been  used. 
You  can  see  in  figure  2  that  the  root  zone  of  the  entire  border 
gained  only  1.5  inches  of  soil  moisture  —  a  water  application 
efficiency  of  only  3^%»    Note  that  the  uneven  surface  areas  coin- 
cide with  the  greatest  losses  of  water  into  the  river  sand.  The 
losses  of  nitrates  and  ammonia  were  equivalent  to  three  sacks  per 
acre  of  ammonixaa  sulfate  in  the  upper  third,  two  sacks  in  the  middle 
third  and  1^  sacks  in  the  lower  third.    This  one  irrigation  resulted 
in  a  nitrogen  loss  of  $7  P©^  acre.    Thus,  our  effort  to  make  more 
nitrogen  available  to  the  plant  was  defeated  by  the  uneven  surface 
of  a  border  which  was  also  too  long. 

Since  leaching  irrigations  oould  not  be  avoided  on  this  field,  six 
sacks  per  acre  of  ammonium  sulfate  were  applied  Januairy  27,  19i».7, 
80  that  winter  precipitation  might  carry  the  fertiliser  into  the 
soil.    Insufficient  rain  and  snow  fell;  consequently,  the  field  was 
irrigated  March  25.    Another  leaching  irrigation  resulted  with 
losses  of  nitrate  nitrogen  and  ammonia  equivalent  to  two  sacks  per 
acre  of  ammonium  sulfate  in  bbth  the  upper  and  lower  thirds  of  the 
border.    On  this  long,  uneven  border  the  water  application  efficien- 
cy was  only  29^.    As  you  would  now  expeot  the  water  application  of 
the  next  irrigation  on  April  30  was  a  miserable  23^. 

These  irrigation  trials  show  that  on  a  long,  uneven  border, 
excessive  losses  of  both  water  and  fertility  occur  not  only  in  Idle 
upper  third  of  the  border  but  also  in  the  lower  third  of  the  border* 
These  losses  could  be  reduced  by  leveling  the  border  to  uniform 
grade  and  reducing  the  length  of  run. 
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Uniform  Grade  0»1%,  Permeable  Clay,  Soil  Unite  ll^FZ 

We  have  just  shovm  that  an  uneven  surface  and  too  long  a  run  resulted 
in  leaching  irrigations;  consequently,  we  have  reoammended  leveling 
to  uniform  grade  and  the  proper  length  of  r\an«    Such  an  irrigation 
layout  should  result  in  the  efficient  use  of  water  and  nitrates,  hut 
leveling  to  imiform  grade  is  not  fool-proof.    If  soils  of  moderate 
■water-holding  capacity  are  irrigated  when  half  of  the  available  water 
is  still  present, leaohing  irrigations  may  result. 

An  area  of  moderate  water  holding  capacity  which  had  been  leveled  to 
a  uniform  grade  of  0»1%  (figure  3)  "was  selected  on  a  clay  soil,  li)PP« 
For  this  permeable  soil,  the  length  of  run  660  feet  was  believed  to 
be  correct  for  borders  3^  feet  wide.    In  both  of  the  two  irrigations 
studied  we  obtained  adequate  coverage  of  this  uniform  grade  border 
with  a  minimum  amount  of  water  by  shutting  off  the  flow  when  the  water 
reached  a  stake  390  feet  from  the  weir.    A  mulch  l/U  inch  thick  in 
19^6  tended  to  slow  down  the  speed  of  the  water  and  increase  the  in- 
take rate. 

On  March  lk$  19^4^6,  three  sacks  per  acre  of  ammonium  sulfate  were 
applied  to  the  tall  wheatgrass.  Osring  to  lack  of  rain,  a  four-inch 
irrigation  was  made  on  April  10  to  carry  the  fertilizer  into  the 
soil.    Tiie  same  amount  of  ammonium  sulfate  was  applied  on  April  2L|.. 
For  optimum  seed  production  we  believed  that  the  roots  should  have 
this  nitrogen  at  once.    So,  we  Irrigated  May  1  although  half  of  the 
available  soil  moisture  was  still  in  the  root  zone.  Unfortunately, 
this  3*2  inch  irrigation  was  a  leaching  irrigation  and  the  water 
application  efficiency  was  only  62?S.    The  loss  of  nitrate  nitrogen 
and  ammonia  from  the  root  son©  in  the  upper  third  of  th©  border  was 
•qulTralent  to  three  saoks  per  acre  of  uimonlua  lulfate  and  the  lose 
from  the  lower  third  was  approximately  two  laoki*   Thii  irrigation 
not  only  oauaed  the  loss  of  nitrogen  worth  $6  per  aere,  but  also 
defeated  our  purpose  of  using  water  and  nitrogen  efficiently* 

The  rapidly  growing  tall  wheatgrass.  had  shown  stress  several  days 
before  the  nerb  Irrigation  on  May  22*    The  olay  surface  soil  had 
oraoked  badly*   You  will  see  in  figure  3  that  the  0-30  laoh  root  cone 
stored  all  of  the  3*3  inch  irrigation.    There  was  no  loss  of  water 
into  the  underlying  rlTer  sand  suoh  as  occurred  on  the  uneven  borders 
previously  studied.    In  spite  of  the  cracked  surface  soil,  the  uni- 
form grade  facilitated  a  good  distribution  of  water.    As  you  would 
expect,  the  changes  in  anmonia  and  nitrate  nitrogen,  before  and  sifter 
irrigation,  were  minor.    Delaying' the  irrigation  until  the  grass 
needed  water  resulted  in  efficient    irrigation  on  this  unifom  grade 
border. 

These  trials  show  that  a  uniform  grade  border  with  the  correct  length 
of  run  for  a  permeable  clay  soil  resulted  in  no  loss  of  water  ajid 
soluble  nitrogen  when  the  grass  needed  water.    In  contrast,  appreci- 
able losses  of  water  and  soluble  nitrogen  occurred  when  half  of  the 
available  soil  moisture  was  present  prior  to  irrigation. 
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Uniform  Grade  0»2fo,  Permeable  Loam,  Soil  IJhit 

In  the  preceding  study,  a  luiiform  grade  border,  660  feet  long  -was  satis- 
factory on  a  clay  soil.    This  soil  has  a  lower  intake  rate  than  many 
medium  textured  soils.    In  general,  as  the  intake  rate  increases,  the 
length  of  rim  is  shortened.    Since  borders  i+OO  feet  long  on  a  \miform 
grade  are  often  reoocnmended  for  permeable  medium  textured  soils,  we 
mnted  to  know  if  such  an  irrigation  system  used  water  efficiently. 

A  border  of  sand  lovegrass,  36  feet  wide  and  l\20  feet  long,  was 
selected  on  a  loam,  soil  unit  3h^»    Note  in  figure  I4.  that  the 
uniform  grade  was  0.2^.    In  each  of  the  four  irrigations  studied,  we 
obtained  adequate  coverage  with  a  minimum  volume  of  water  by  shutting 
off  the  flow  when  the  water  reached  a  stake  300  feet  from  the  weir. 
A  mulch  1/2  inch  thick  slowed  down  the  speed  of  the  water  and  increased 
the  intake  rate. 

Just  as  in  the  preceding  study,  we  obtained  the  highest  water  applica- 
tion efficiency  when  the  soil  needed  water.    On  May  29,  19^6,  we 
decided  to  irrigate  this  field  because  the  grass  was  showing  stress 
on  other  borders  v/hich  were  more  sandy,  however,  the  grass  on  the 
loam  soil  was  not  stressed.    You  can  see  in  figure  14.  that  the  root 
zone  of  this  uniform  grade  border  made  an  average  gain  of  2 #7  inches 
from  the  3*3  inch  irrigation,  a  water  application  efficiency  of  Q3%» 
Even  this  satisfactory  efficiency  could  be  increased  by  removing  the 
mulch  and  floating  this  laniform  grade  border. 

This  high  efficiency  caxmot  be  expected  if  the  soil  moisture  is  high 
in  a  root  zone  only  21  inches  thick.    However,  to  obtain  excellent 
yields  of  grass  seed,  w©  have  f  otuid  it  necessarj'  to  make  large  amounts 
of  nitrogen  available  to  the  roots  by  a  certain  date.  Accordingly, 
irrigations  were  made  June  21  and  July  5  in  order  to  carry  down  four 
sacks  of  ammonivan  sulfate  although  the  soil  was  moist.    In  both  irri- 
gations the  root  zone  stored  only  two  inches  of  water  and  the  water 
application  efficiency  was  but  6l%  •    Appreciable  losses  of  water  into 
the  sand  occurred  in  both  the  upper  third  and  lower  third  of  the 
border.    Owing  to  the  rapid  Intake  of  nitrogen  by  the  grass  between 
irrigations,  there  was  little  nitrate  nitrogen  irtiich  could  be  lost. 
Since  the  water  application  efficiency  was  only  fair  on  this  uniform 
grade  border  when  the  soil  was  moist,  we  removed  the  mulch  the 
following  spring.    Increased  seed  production  in  19^7  is  attributed 
in  part  to  the  more  efficient  use  of  water  and  nitrogen. 

Reducing  the  length  of  run  to  UOO  feet  gave  efficient  use  of  water  on 
uniform  grade  borders  on  medium  textured  soils  when  the  soil  needed 
water.    However,  when  the  soil  is  moist  and  the  storage  available  is 
small,  leaching  irrigations  may  be  avoided  by  removing  the  mulch  and 
floating. 
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1   I   Before  irrigation  Water  applied  3.3  inches 

Time  applied  3  5  minutes 
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FIGURE  4.  Border  irrigation  trial  on  a  loam  topsoll,  soil  unit  34P2,  uniform  grode  0.2%,field  12, 
border  5,SCS  Nursery.  The  sand  lovegrass  was  just  beginning  to  grow  and  needed  water  on  the 
moderately  light  ports  of  the  field. 

CONCLUSION :  Removing  the  mulch  and  floating  would  increase  woter  application  efficiency. 
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Flattened  Grade,  Permeable  Fine  Sandy  Loam,  Soil  Unit  /|J|PP 

Since  we  have  shown  that  efficient  irrigation  may  be  obtained  by  level- 
ing to  uniform  grade,  let  us  now  consider  a  variation.    On  some  soils 
the  middle  third  of  the  border  gains  too  little  water.    So,  to  increase 
the  net  gain  in  the  middle  third,  the  upper  half  of  the  border  is 
leveled  to  uniform  grade  and  the  lower  half  is  nearly  flat  level,  "^e 
shall  see  that  this  scheme  is  unsatisfactory  on  the  more  penaeable  soils. 

A  border  of  sand  lovegrass,  36  feet  wide  and  U20  feet  long,  was 
selected  on  a  fine  sandy  loam  which  almost  approached  a  loamy  fine 
sand  in  texture.    You  will  observe  in  figure  5  that  the  upper  half  of 
the  border  has  a  uniform  grade  of  0.3?^,  whereas  the  lower  half  is 
nearly  flat.    In  each  of  the  five  irrigations  studied,  we  obtained 
adequate  coverage  with  a  minimum  volvme  of  water  by  shutting  off  the 
flavT  when  the  water  reached  a  staJce  3^4-0  feet  from  the  weir.  Thus, 
we  had  to  let  the  water  run  i+O  feet  further  on  this  flattened  grade 
border  than  on  the  uniform  grade  border  in  the  same  field  shown  in 
figure 

The  first  trial  was  made,  October  30 >  19^5 »  "when  the  soil  was  dry. 
No  regrowth  of  grass  had  occurred  since  the  field  was  combined  a 
month  earlier.    !Ihere  was  a  mulch  l/L\.  inch  thick  as  well  as  the  hay 
left  by  the  ccaabine.    Although  good  penetration  was  secured  through- 
out the  border  from  this  i|..2  inch  irrigation,  1.8  inches  of  water 
was  lost  into  the  sand  in  the  middle  third  (figure  5)*    Thus,  the 
flattened  grade  in  the  middle  third  caused  an  undue  loss  of  water  on 
a  permeable  soil  of  moderate  depth. 

Prior  to  the  first  irrigation  in  19^6,  gophers  had  dug  nmerous  holes. 
In  order  to  cover  the  border  adequately,  it  was  necessary  to  apply 
6.5  inches  of  water  or  nearly  twice  as  much  water  as  was  applied 
usually.    When  a  soil  is  underlain  by  rapidly  permeable  sand,  you  can 
see  that  gophers  greatly  increase  the  waste  of  water. 

During  the  next  three  irrigations,  which  were  made  between  IJay  29  and 
July  2,  excessive  waste  of  water  occurred  in  the  portion  of  the  border 
nearly  flat  leveled.    These  losses  from  the  root  zone  into  the  underly- 
ing sand  averaged  IJ4.  inches  in  the  middle  third  and  1.2  inches  in  the 
lower  third.    The  water  application  efficiency  for  the  three  irriga- 
tions averaged  68%,    Just  as  in  the  border  shovm  in  figure  J4.,  there 
was  very  little  nitrate  nitrogen  present  at  the  time  of  irrigation. 
Thus,  the  nitrogen  loss  was  small  in  spite  of  leaching  irrigation  on 
this  flattened  grade  border. 

From  these  five  trials  we  may  conclude  that  changing  frcaa  a  uniform 
grade  in  the  upper  half  to  a  flattened  grade  in  lower  half  resulted 
in  excessive  water  loss  in  the  flattened  portion  on  a  permeable 
soil  of  moderate  depth. 
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FIGURE  5.  Border  irrigation  on  fine  sandy  loam  topsoil,soil  unit  44P2,  flattened  grade, field  12, border 
I2,SCS  Nursery.  The  sand  lovegrass  hod  been  combined.  The  soil  was  very  dry. 
CONCLUSIONS:  Leveling  to  uniform  grade,  increasing  the  discharge  and  removing  the  mulch  would 
help  to  reduce  excessive  water  losses. 
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BORDER  IRRIGATION  -  DISCHARGE    U'5  cf.s. 

Uniform  Grade  0,1%,  Permeable  Loam,  Soil  Unit  5i^P2 

You  observed  in  the  preceding  studies  that  we  used  flows  of  2  cf.s. 
on  a  wide  range  of  permeable  soils  which  were  underlain  by  sand  at  a 
depth  -mrying  frcm  20  to  50  inches.    Since  we  usually  had  to  irrigate 
down  the  nitrogenous  fertilizer  before  the  grass  needed  water,  appreci- 
able losses  of  both  water,  nitrate  nitrogen  and  ammonia,  occured  in 
the  root  zone  even  on  \miform  grade  borders  of  proper  length.  You 
will  recall  that  such  losses  were  much  greater  on  uniform  borders. 
Thus,  our  irrigation  system  was  not  sufficiently  flexible  to  apply 
just  enough  water  to  carry  the  fertilizer  into  the  soil.  Accordingly 
we  set  up  a  facilitating  study  at  the  Soil  Conservation  Service 
Nursery  to  determine  how  much  less  water  could  be  applied  using  a 
flow  of  5  cf.s. 

A  border  of  intermediate  wheatgrass,  50  feet  wide  and  3cO  feet  long, 
was  selected  on  a  medium  textured  surface  soil.    Note  in  figure  6, 
that  the  gro\and  surface  has  a  \miform  grade  of  0.1^.    There  was  no 
mulch  on  this  area.    In  the  spring  of  ISUl »  the  root  zone  ms  less 
than  25  inches  deep  and  was  comparable  to  other  young  row  crops.  By 
fall,  the  roots  had  penetrated  to  32  inches  and  were  comparable  to  a 
mature  row  crop.    Owing  to  the  heavy  fertilization  and  subsequent 
enrichment  of  the  river  sand  in  19^7*  a  f®w-  roots  were  foiind  in  the 
sand  to  a  depth  of  I|.0  inches  in  April,  19^8. 

The  first  trial,  lfe.y  13,  19^7,  "was  made  when  the  new  planting  of 
intermediate  wheatgrass  had  shovm  stress  several  days  before  irri- 
gation in  the  upper  two-thirds  of  the  border.    Using  a  flow  of 
li.*9  cf.s.,  2«5  inches  of  water  were  applied  in  12  minutes;  the  water 
disappeared  at  a  rate  close  to  four  inches  per  hour  in  the  upper  one- 
third  of  the  border.    Owdng  to  the  small  amount  applied  as  well  as 
the  short  period  of  time  that  the  ivater  remained  on  the  upper  one- 
third  of  the  border,  nimerous  spots  of  dry  subsoil  were  found  two 
days  after  irrigation.    Although  large  quantities  of  nitrogen  were 
present,  there  was  no  appreciable  change  before  and  after  irrigation. 
In  contrast,  the  entire  root  zone  in  the  lower  one-third  of  the  border 
was    wet  and  the  loss  of  soil  moisture  into  the  river  sand  was  0.2 
inches  (figure  6).    In  spite  of  this  small  loss,  nitrate  nitrogen 
equivalent  to  six  sacks  of  anmonium  sulfate  per  acre  moved  downward 
from  the  0-30  inch  depth  into  the  30-i;0  inch  depth  beyond  the  yovmg 
roots.    For  this  young  grass,  slightly  less  water  should  have  been 
applied;  however,  the  water  application  efficiency  vra.s  ver^'-  high. 

In  succeeding  irrigations  we  continued  the  use  of  large  volumes  of 
water  for  short  periods  of  time  which  only  penetrated  to  a  shallow 
depth  in  the  upper  two-thirds  of  the  border.    Although  an  abundance 
of  nitrogen  was  present,  insufficient  moisture  in  the  subsoil  may 
accoimt  for  seed  production  being  smaller  in  borders  which  had  less 
nitrogen  but  better  moisture  penetration. 

In  spite  of  unustial  winter  moisture,  this  uniform  grade  border  showed 
severe  stress  by  April  21,  19hQ,  when  it  vm.s  irrigated.     The  grass  had 
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FIGURE  6.  Border  irrigation  trial  on  uniform  grade  O.I%with  loam  topsoil,soil  unit  34P2, field  II, 
border  4,  SCS  Nursery.  The  new  planting  showed  stress. 

CONCLUSIONS:  In  spite  of  a  high  water  application  efficiency,  122  pounds  of  nitrate  nitrogen  moved 
from  the  higher  layers  into  the  30-40  inch  depth  in  the  lower  third.  The  discharge  should  have  been 
lower  and  the  water  should  have  been  cut  off  at  the  200  foot  mark. 


Net  gain  2  days  after  irrigation 
I    I  Before  irrigotion 
Loss  into  sand 


FEBRUARY  1948 


SOUTHWEST  REGION  M-44 


-9- 


again  shcmn  severe  stress  for  several  days  when  3*1  inches  of  ■water 
were  applied  liay  12  in  22»5  minutes  using  a  flow  of  3»U  c.f  .s.  In 
the  upper  two-thirds  of  the  border  the  root  zone  made  a  net  gain  of 
only  two  inches,  although  the  water  stayed  on  the  border  1.1  hours j 
thus  showing  that  the  intake  rate  had  dropped  to  1»8  inches  per  ho\ar« 
In  the  sane  area,  moisture  had  penetrated  to  a  depth  of  only  ll;  inches 
two  days  after  irrigation*    !nius,  we  did  not  get  sufficient  penetra- 
tion although  we  probably  held  our  nitrates  near  the  surface  where  the 
roots  are  most  abundant. 

Next,  we  considered  reducing  the  flow  to  2  c«f»s»  or  less  but  this 
v,'ould  have  resulted  in  leaching  the  nitrogen  fran  the  lower  part  of 
the  border,  as  well  as  vflasting  water.    So,  on  May  26  we  built  a  check 
across  the  border  225  f©©t  frcm  the  ditch.    To  this  area  we  applied 
h»h  inches  of  water  using  a  flow  of  I4..9  c.f.s.    After  2.5  hours  most 
of  this  water  had  gone  in  and  v/e  turned  in  more  water.    This  time  we 
opened  the  cross  check  in  order  to  irrigate  the  lower  one-third  of  the 
border.    For  the  entire  border  we  applied  a  total  of  14..2  inches  in 
23.2   minutes  during  the  two  flows.    Above  the  cross  check  the  moisture 
penetrated  to  a  depth  of  26  inches  or  12  inches  farther  than  the 
preceding  irrigation.    In  addition  two  inches  more  v;ater  were  stored 
in  the  root  zone  than  frcm  the  preceding  irrigation.    The  water  appli- 
cation efficiency  of  this  irrigation  was  88^.    Ihus,  we  have  a  feasible 
system  of  applying  either  large  or  small  amounts  of  water  as  needed 
but  more  skill  is  required  by  the  irrtgator. 

For  shallow  yo\ang  root  systems  and  for  those  irrigations  in  which  we 
wish  to  retain  all  of  our  nitrogen  in  the  root  zone  we  can  obtain 
adequate  coverage  of  this  0»1%  uniform  grade  border  with  2.5  inches 
of  water  using  a  flow  of  i+.5  c.f.s.    At  least  25^  more  water  would 
be  required  if  we  used  flows  of  2  c.f.si  furthermore,  we  might  leach 
out  nitrogen  costing  $7»00  per  acre  in  a  single  irrigation. 

From  the  three  irrigation  trials  we  may  conclude  that  using  large 
flows  of  water  up  to  5*0  c.f.s.  on  a  \mifora  grade  of  0.1^  will  result 
in  the  efficient  use  of  water  and  conservation  of  nitrogen  on  moderate- 
ly permeable  soils  of  modei^te  depth.    However,  inadequate  penetration 
will  occur  if  the  intake  rate  drops  below  three  inches  per  hour.  Ifeder 
these  conditions  split  applications  and  cross  checks  appear  desirable. 

Plat  leveled.  Permeable  Loam,  Soil  Unit  3i4P2 

The  o-tiier  part  of  the  study  just  described,  using  flows  of  5  c.f.s.  on 
soils  of  moderate  intake  rates,  was  to  flat  level  part  of  the  same 
field.    Die  advantage  of  flat  leveling  over  uniform  grade  is  that  the 
water  stays  on  the  entire  border  a  more  uniform  length  of  time.  Conse- 
quently, less  experienced  irrigators  can  be  used.    On  the  other  hand, 
flat  leveling  may  cost  twice  as  much  as  leveling  to  uniform  grade  and 
deeper  cuts  are  made.    If  the  top  soil  is  underlain  by  sand  or  other 
materials  of  either  low  water  holding  capacity  or  low  fertility,  a 
deep  cut  may  reduce  yields. 
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Date  May  13,1947  Time  applied  15  minutes 

Median  discharge  4.9c.f.s.     Cut  off  270'  from  box 
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FIGURE  7  .  Border  irrigation  trial  on  an  area  flat  leveled  with  a  loam  topsoil,soil  unit  34P2,  field 
II ,  border  8,  SCS  Nursery.  The  young  planting  had  shown  stress  a  week  earlier  but  recovered  after 
a  light  shower.  CONCLUSIONS:  Minor  leveling  is  needed  to  eliminate  the  high  spots. 
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A  flat  leveled  torder  of  intermediate  "wheatgrass,  ^0  feet  wide  and 
595  feet  long  "was  selected  on  the  same  soil,  3I4P2,  as  the  xmifom 
grade  "border.    You  can  see  in  figure  7  that  high  spots  of  0.1  foot 
developed  at  I50  and  550  feet  from  the  ditch.    Even  excellent  level- 
ing jobs  usually  need  floating  within  a  year* 

The  first  trial.  May  15,  19^7 »  "was  made  shortly  after  a  light  shower 
during  which  the  young  plantings  of  intermediate  "sdieatgrass  recovered 
from  stress  previously  shown  for  several  days.    Using  a  flow  of  i4..9 
o.f.s.  2.8  inches  of  water  were  applied  in  I5  minutes.    At  this  time, 
the  water  had  covered  270  feet  of  the  border  but  failed  to  cover  a 
small  high  spot  near  the  farther  end.    In  contrast  to  the  uniform  grade 
border,  both  the  greatest  gain  and  greatest  loss  of  soil  moisture 
oocvtrred  in  the  portion  nearest  the  ditch  (figure  7)«    Here,  nitrogen 
equivalent  to  two  sacks  of  ammonium  sulfate  were  lost  from  the  root 
zone.    Althou^  the  young  grass  had  shown  stress,  the  potential  root 
zone  contained  twice  as  much  moisture  before  irrigation  as  the  lanif orm 
grade  border.    We  attribute  the  unsatisfactory  water  application  effi- 
ciency of  62fo  to  the  failure  of  the  roots  to  penetrate  deeply  and  to 
the  high  spots  which  required  nearly  #5  inch  more  water.    Obviously  the 
high  spots  should  be  floated  out. 

On  April  21,  the  intermediate  wheatgrass  showed  stress  in  the 

upper  half  of  the  border  but  on  a  smaller  area  than  the  uniform  grade 
border.    A  more  mature  root  system  had  pulled  out  three  inches  more 
moisture  from  the  Orl+O  inch  depth  than  it  had  a  year  ago  when  the 
grass  showed  stress.    On  April  21,  5 •5  inches  of  water  were  applied 
in  19  minutes  at  a  rate  of  l4.#9  c.f .s.    As  in  the  o-tiier  flat  leveled 
borders ,  the  water  had  covered  75^  of  the  border  when  the  flow  was 
shut  off.    Although  adequate  coverage  was  obtained  at  the  farther  end, 
the  high  spots  were  soon  bare;  dry  soil  was  found  in  these  areas  at 
a  depth  of  I5  inches  two  days  after  irrigation.    Otherwise  the  distri- 
bution of  water  was  excellent  (figure  8)  and  the  water  application 
efficiency  was  high  —  9^5^*    This  sharp  increase  in  efficiency  over 
that  of  a  year  ago  is  due  to  the  deeper  root  system  drawing  the  soil 
moisture  from  a  greater  depth. 

At  tiie  next  irrigation.  May  12,  the  grass  again  showed  stress  in  the 
vicinity  of  the  high  spot  I50  feet  from  the  ditch.    Using  a  flow  of 
5.2  c.f.s.,  3»h  inches  of  water  were  applied  in  18  minutes.  The 
water  stayed  on  Hie  border  5«1  hours  as  compared  with  2.2  ho\irs  during 
the  previous  irrigation.    Thus,  the  intake  rate  decreased  from  l.U 
inches  per  hour  to  0.8  inch  per  hour.    Just  as  in  the  other  fields 
the  first  irrigation  of  the  season  had  -the  highest  intake  rate.  This 
is  attributed  primarily  to  the  favorable  temporary  effect  of  freezing 
on  soil  structure  which  is  lost  in  the  succeeding  irrigation.  Once 
more  dry  soil  was  foimd  two  days  later  under  the  0.1  foot  high  spots 
at  a  depth  of  I6  inches.    Otherwise,  the  distribution  of  water  was 
satisfactory  and  again  the  water  application  efficiency  was  high  —  9^^. 

On  other  permeable  soils,  we  had  found  it  desirable  to  cut  off  the 
flow  when  the  water  reached  a  set  point  in  order  to  apply  a  minimum 
volume  of  water.    So,  in  this  flat  leveled  field  where  borders  were 
50  feet  wide  and  varying  from  265  feet  to        feet  in  length,  we  shut 
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FIGURE  8.  Border  irrigation  trial  on  an  area  flat  leveled  with  a  loam  +opsoil,soil  unit  34P2, field 
II, border  8,  SCS  Nursery.  The  grass  had  shown  stress  In  the  upper  half  of  the  border. 
CONCLUSIONS:  Excellent  distribution  and  penetration  occurred  except  in  high  spot  areas 
which  should  be  flooted  out. 
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off  the  -water  when  75/^  of  "the  borders  were  covered.    This  procedure 
resulted  in  adeqxiate  coverage  of  these  borders  using  flows  vary- 
ing from  U»6  to  5»2  c.f .s.  which  is  about  2,000  gallons  per  minute. 
We  applied  approximately  four  inches  of  water  on  borders  500  feet 
long;  3 •5  inches  on  borders  I4.OO  feet  long;  and  three  inches  on  the 
borders  295-370  feet  long.    Three  inches  of  water  was  not  sufficient 
to  wet  the  subsoil  under  0.1  foot  high  spots  on  those  borders  less 
than  14.00  feet  long.    "tiTith  this  exception,  it  was  satisfactory  to 
cut  off  the  flow  on  3i+P2  soils  when  7'^%  of  these  flat  leveled  borders 
were  covered  with  water. 

Another  important  problem  is  the  proper  length  of  run  since  longer 
runs  reduce  cost  of  operating  farm  machinery  and  the  nxanber  of 
ditches.    On  a  per-acre  basis  borders  flat  leveled,  50  feet  wide  and 
300  feet  long,  took  as  long  to  irrigate  as  borders  5OO  feet  long 
when  we  applied  3*5  inches  of  water.    Although  the  maximum  net  gain 
for  this  3hP^  soil  could  be  five  inches  of  soil  moisture,  we  would 
ordinarily  irrigate  before  severe  stress  when  the  root  zone  might 
hold  four  inches.    Thus,  a  3»5  -  U  inch  application  would  ordinarily 
avoid  leaching  of  the  plant  food  and  the  excessive  loss  of  water 
from  the  root  zcme.    Our  studies  indicate  that  flat  leveled  borders 
500  feet  long  are  the  maximum  length  for  high  efficiency  on  this 
permeable  soil  for  crops  with  root  systems  fully  occupying  the 

root  zone. 

If  we  had  had  shallow,  permeable  soils  with  an  available  storage 
capacity  of  less  than  2.5  inches,  using  5  c.f.s.  on  flat  leveled 
borders  would  not  be  efficient  irrigation.      The  minimvaa  volume 
of  water  which  would  consistently  cover  flat  leveled  borders  less 
than  i420    feet  long  was  three  inches.    Hie  presence  of  high  spots 
0.1  -  0.2  feet  high,  affected  the  amount  applied  more  than  differ- 
ences in  length  of  r\m. 

There  is  not  only  a  saving  of  water  and  nitrogen  by  using  flows  of 
U.*5  -  5»0  c.f.s.  on  permeable  soils  but  there  is  also  a  saving  in 
time.    Applying  the  minimum  volvmie  of  water  required  to  cover  a 
border  adequately  (young  crops  with  shallow  root  systems  on  shallow 
soils)  we  could  irrigate  four  times  more  land  on  a  uniform  grade 
than  when  we  used  2  c.f«s.    We  could  likewise  irrigate  three  times 
more  land  on  the  flat  leveled  borders.    For  mature  crops  requiring 
more  water  we  are  able  to  apply  3*5  inches  of  water  on  the  flat 
leveled  border  at  the  rate  of  1.3  acres  permhow.    Other  years, 
using  2  c.f.s.,  more  thsui  twice  as  long  would  have  been  taken  to 
have  irrigated  the  same  size  area  with  narrower  borders  (36  feet 
wide).    Asstmiing  eight  irrigations  per  year  at  75  cents  per  hour 
for  em  irrigation,  one  could  save  from  $5*00  to  $8«00  per  acre 
in  labor  annmlly,  using  flows  of  5  c.f.s.  as  compared  with  flows 
of  2  c.f.s. 

These  irrigation  trials  on  flat  leveled  borders  show  that  efficient 
use  of  water  can  be  obtained  using  flows  of  5  c.f.s.  on  permeable 
soils  of  moderate  depth.    Savings  in  water,  plant  food,  labor,  and 
less  experienced  irrigators  must  be  balanced  against  high  leveling 
costs  and  depth  of  soil  left  after  leveling. 
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BORDEH  IRRIGATIOII  -  DISCHMiGE  1.0-1. 5  c.f.s. 
Two  Grades  (0.7  and  0,2%),  Permeable  Clay  Loam,  Soil  Unit  2321 

All  of  the  preceding  irrigation  trials  on  the  heavier  soils  were  on 
slopes  of  about  Oml%}  the  size  of  the  streams  of  water  used  varied 
from  2.0  to  2.3  c.f  .s.    Here,  the  water  may  remain  on  the  upper  third 
of  the  border  for  an  hour  or  more  after  the  flow  of  water  has  been 
shut    off,  thereby  increasing  penetration.    In  contrast,  on  somewhat 
steeper  lands  the  water  runs  off  the  upper  third  within  a  few  minutes 
after  the  flow  is  shut  off.    Therefore,  a  smaller  stream  of  water  is 
used  for  a  longer  period  of  time  in  order  to  get  deeper  penetration. 
However,  if  too  small  a  flow  is  used  and  if  there  is  too  much  side 
slope,  it  will  be  difficult  to  cover  the  high  spots.    In  this  study 
we  used  flows  of  1.0  -  1.5  c.f.s.  on  sloping  land. 

A  border  of  alfalfa,  35  feet  wide  and  939  feet  long  was  selected  near 
Bernalillo  on  a  clay  loam  which  had  an  intake  rate  of  1.2  inches  per 
hour  in  the  upper  third  of  the  border.    Both  the  surface  texture  and 
the  intake  rate  were  similar  to  that  of  the  field  shown  in  figure  2; 
however,  the  slope  was  much  steeper  in  this  study.    You  can  see  in 
figure  9  that  there  was  a  uniform  grade  of  0.7^  for  the  first  600 
feet,  whereas,  the  lower  end  of  the  border  had  a  grade  of  0*2%  wi-Ui  a 
rise  of  O.i;  foot  at  the  end  of  the  border.    Furthermore,  the  storage 
capacity  of  the  0-5  f  oot  root  zone  was  more  than  twice  that  of  0-2 
foot  root  zone  shown  in  figure  2. 

Samples  taken  before  the  first  irrigation  in  19^7  on  April  7  showed 
that  poor  penetration  had  been  obtained  the  previous  fall.    In  the 
upper  half  of  the  border  the  soil  was  dry,  whereas  it  was  approach- 
ing field  capacity  in  the  lower  part  of  the  border.    On  April  7» 
3  #2  inches  of  water  was  measured  onto  the  border  in  98  minutes  with 
a  median  discharge  of  1.5  c.f.s.  Owing  to  side  slope,  numerous  checks 
were  necessary  in  order  to  cover  the  high  spots.    The  water  was  cut 
off  at  the  flme  when  the  water  had  reached  a  point  780  feet  distant, 
since  the  borders  in  the  lower  third  were  ready  to  break.    Note  in 
figure  9  that  the  water  failed  to  penetrate  beyond  a  depth  of  two 
feet  in  the  upper  third  of  the  border.    Here,  the  net  gain  averaged 
2.3  inches  of  soil  moisture,  whereas,  the  soil  had  an  available 
storage  capacity  of  at  least  six  inches  of  soil  moisture.    In  order 
to  bring  the  entire  root  zone  to  field  capacity  in  the  upper  third 
(0.7^  slope),  it  would  be  necessary  to  run  water  for  five  hours 
since  the  intake  rate  is  1.2  inches  per  hour.    In  contrast,  apply- 
ing water  for  1.3  hours  on  the  field  shown  in  figure  2  resulted  in 
a  leaching  irrigation  on  a  0.1^  slope  on  a  soil  of  moderate  depth. 
So  for  soils  of  similar  intake  rate,  we  must  consider  both  the 
storage  capacity  of  the  soil  and  the  timo  that  water  remains  on  the 
area  in  selecting  the  proper  sized  stream  for  irrigation. 

Although  the  grade  was  uniform,  -tiiere  was  so  much  side  slope  that 
we  did  not  try  to  use  O.5  c.f.s.    Instead,  we  irrigated  May  21  using 
1.2  c.f.s.  which  resulted  also  in  shallow  penetration  in  the  upper 
third  of  the  border.    Deeper  penetration  from  this  irrigation  would 
have  been  expected  since  th^  alfalfa  was  beginning  to  blocm.  Owing 
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to  this  growth,    water  should  have  remained  a  longer  time  on  the 
upper  third,  as  compared  with  the  first  irrigation  when  growth  had 
hardly  begun.    Neveriiieless,  under  the  conditions  of  this  study, 
flows  of  water  in  excess  of  1.0  c.f.s.  result  in  the  water  being 
cut  off  too  soon  for  the  O*^^  slope.    Since  there  is  no  provision 
for  tail  water,  it  is  not  possible  to  irrigate  with  such  flows  for 
a  longer  period  of  time.    Certainly,  the  sharp  rise  at  the  end  of 
the  border  is  undesirable. 

These  trials  show  that  inadequate  penetration  occurred  on  a  0.7^ 
slope  in  the  upper  third  of  the  border  when  flows  of  1.0-1.5  c.f.s. 
were  used.    If  the  side  slope  was  reduced  by  minor  leveling,  flows 
varying  from  0.5-0.8  c.f.s.  might  prove  to  be  satisfactory.  Such 
studies  are  needed  before  recommending  that  the  length  of  run  be 
shortened  or  that  the  entire  area  be  leveled  to  uniform  grade. 

CORRUGATION  -  DISCHARGE  .5-1.0  c.f.s. 
Uneven  Grade  3%$  Permeable  Loam  Soil  Unit  3331 

On  slopes  steeper  thein  1%,  border  irrigation  is  usually  replaced 
by  corrugation.    Just  as  in  border  irrigation,  extra  long  runs  on 
soils  with  high  intake  rates  result  in  leaching  irrigations.  Over- 
irrigation  causes  the  water  table  to  rise  on  lower  lying  areas  and 
a  subsequent  reduction  in  crop  yields.    On.  the  other  hand,  farmers 
object  to  short  runs  so  we  shall  also  consider  how  the  condition  of 
the  surface  soil  affects  irrigation  efficiency. 

An  area  of  oats,  33 •5  f«et  wide  and  k93  feet  long,  was  selected  in 
the  San  Juan  valley  near  Fannington.    In  this  area  there  were  15 
corrugations  spaced  27  inches  apart.    Corrugating  had  left  the  heavy 
loam  soil  rough  and  cloddy.    Figure  10  shows  that  the  slope  was 
uneven  and  averaged  3%»         especially  wanted  to  inow  if  ij.95  feet 
was  the  correct  length  of  run  since  the  corrugations  had  been  9OO 
feet  long  previously. 

Owing  to  the  drying  out  of  the  cloddy  surface  soil,  the  oats  had 
germinated  poorly.    In  order  to  get  more  oats  up,  the  field  was 
irrigated  May  J,  ISUl*    For  "th©  first        hours  water  was  applied 
at  the  rate  of  I9  gallons  per  minute  per  corrugation.    Since  we 
were  irrigating  I5  corrugations,  the  281  gallons  per  minute  was 
equivalent  to  0.6  c.f.s.  (I4I16  gallons  per  minute  equals  1  c.f.s.). 
When  it  appeared  that  this  rate  would  result  in  over-irrigation 
owing  to  the  slow  movement  of  water  down  the  slope,  the  flow  was 
increased  to  30  gallons  per  minute.    This  rate  caused  excessive 
erosion  and  the  amount  applied  was  reduced  to  the  original  rate. 
A  total  of  seven  inches  of  water  was  applied  in  3 "36  hours  with 
a  very  small  loss  of  tail  water.    The  intake  rate  for  the  entire 
area  averaged  3 '5  inches  per  hour.    Owing  to  this  high  intake 
rate,  the  rate  of  movement  was  so  slow  that  nearly  "tiiree  times 
as  much  water  was  applied  to  the  upper  third  as  to  the  lower  third. 
Nevertheless,  all  parts  of  the  border  received  a  leaching  irrigation. 
We  estimated  that  -ttiis  cloddy  soil  permitted  more  than  seven  inches 
of  water  to  pass  bevond  a  depth  of  four  feet  in  the  upper  third  of 
the  area  (figure  10).    The  average  loss  beyond  the  root  tone  for  the 
entire  border  was  I4..5  inches  of  water.    Undoubtedly  some  of  this 
water  reached  the  water  table  inasmuch  as  the  substratum  was  close 
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Dote  May  7,1947 
Median  disctiarge  O.Sc.f.s. 
Water  applied  7.0 incties 
Time  applied  202  minutes 
Size  of  area  33.5'x495' 


Cut  off  at  495'  from  weir 
Crop -oats  one  inch  tiigti 
Water  application  efficiency  33% 
Corrugations  average  27"apart 


FIGURE  10.  Corrugation  trial  on  a  deep  medium  textured  soil, soil  unit  3331  on  Troy  King  farm  near  Farmington. 
The  soil  was  very  cloddy  and  was  irrigated  owing  to  poor  germination  of  oats. 

CONCLUSIONS:  Excessive  use  of  water  was  caused  by  cloddy  surface  and  the  length  of  corrugation  was 
too  long. 
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to  field  capacity  prior  to  irrigation.    Such  over-irrigation  must 
contribute  to  the  rising  water  tahles  on  the  lower  lying  areas.  In 
this  case  the  -water  application  efficiency  was  only  33%*    ^s  low 
effioianoy  appears  to  have  been  caused  by  leaving  the  soil  too  cloddy. 

The  next  irrigation  was  made  June  7  when  6*7  inches  of  water  were 
applied*    The  O-Ii.  foot  depth  gained  but  2*6  inches,  thus  allowing 
3*7  inohes  of  water  to  pass  beyond  the  four-foot  depth.    Again  the 
cloddy  surface  soil  caused  excessive  water  losses  on  a  3%  slope* 

Quick  tests  show  that  some  nitrates  and  ammonia  were  held  presumably 
in  the  ridges  In  spite  of  leaching  irrigations* 

Prom  these  two  trials  we  may  conclude  that  a  cloddy  heavy  loam  soil 
may  so  retard  the  movement  of  water  down  the  slope  that  low  water 
application  efficiency  results*    We  need  additional  information  per- 
taining to  the  reduction  of  intake  rate  through  breaking  down  the 
clods  to  smaller  sizes  before  determining  the  proper  length  of  run* 

ROVT  IRRIGAHON  -  DISCHARGE  0*05  c.f  .s* 
Uneven  Grade  1*6^,  Slowly  Permeable  Sandy  Loam,  Soil  Unit  hh3l 

You  have  just  seen  in  the  preceding  study  that  a  cloddy  heavy  loam 
had  a  rapidly  permeable  Intake  rate.    Our  next  study  area  was  row 
Irrigated  on  a  sandy  soil  to  which  the  farmer  applied  water  for  eight 
hours  or  longer.    Surely,  we  thought,  this  would  be  over-irrigation* 

An  area  of  potatoes,  six  rows  wide,  spaced  32  Inches  apart,  and  UOS 
feet  long,  was  selected  in  the  San  Juan  Valley  near  Farmington*  The 
potatoes  were  in  blocan  at  the  time  of  the  studies*    You  can  see  ill 
figure  11  that  the  slope  averaged  1*6^*    The  soil  was  a  sandy  loam 
containing  considerable  coarse  and  medium  sand*    Normally,  we  would 
expect  this  soil  to  be  rapidly  permeable;  however,  farm  machinery 
had  compacted  the  surface  soil*    The  volume  weight  at  a  depth  of  i;-6 
inches  was  1*62  in  contrast  to  the  volume  weight  of  1*52  for  the  sub- 
soil.   We  shall  now  consider  the  extent  to  iriilch  this  compaction  has 
reduced  the  Intake  rate* 

On  Ifciy  22,  lShl»  l6  days  after  the  previous  Irrigation,  3»3  inches  of 
water  were  measuired  onto  the  area  in  7*6  hours*    The  loss  of  tail 
water  was  0*1  inch*    From  this  irrigation  the  root  zone  showed  a  net 
gain  of  but  two  inohes  of  water  four  days  after  irrigation*    At  a 
depth  of  30-i|.8  Inches,  an  additional  1*6  inches  of  soil  moisture  were 
stored;  but  this  may  be  considered  as  a  loss  since  no  roots  were 
observed  in  this  layer*    The  water  application  efficiency  of  this 
irrigation  was  only  61?^*    The  average  intake  rate  for  the  entire 
study  areas  was  only  0*5  inch  per  hour  on  this  sandy  loam  soil.  A 
more  efficient  use  of  water  would  have  been  obtained  if  the  flow  of 
water  had  been  out  off  at  the  end  of  four  hoiars  Instead  of  J»6  hours* 

The  next  irrigation  measiired  was  l6  days  later  on  June  9  &t  which 
time  the  entire  root  zone  was  close  to  field  capacity*    Each  row 
received  the  equivalent  of  3*5  gallons  per  minute  for  a  period  of 
7*3  hours  t  whereas  5*3  gallons  per  minute  were  applied  on  Uay  22« 
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Date  June  9,1947  Tail  water  .5  inches 

Median  discharge  0.046 c.f.s.  Time  applied  438  minutes 
Water  applied  2.1  inches  Size  of  area  16' x  402' 

Woter  application  efficiency  24% 


FIGURE  1 1  .  Row  irrigation  trial  of  potatoes,32"rows,on  a  moist  sandy  loam  topsoil,soil  unit  4451,  August  Schmidt 
farm  near  Farmington,N.M.  CONCLUSIONS:  This  irrigation  was  not  needed.  Increasing  the  discharge  and 
increasing  infiltration  rate  would  reduce  excessive  use  of  water. 
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This  difference  in  rates  shows  the  need  for  determining  the  maxi- 
m-urn non-erosive  flow.      The  volxaae  of  tail  water  wsls  0»5  inch« 
Although  only  2.1  inches  of  -water  "were  applied  during  this  long 
period,  the  entire  root  zone  showed  a  gain  on  only  0*5  inch  of 
soil  moisttjre  three  days  later  (figure  11).    The  water  applica- 
tion efficiency  "was  only  21}%,    Even  this  low  efficiency  would  have 
heen  lower  if  the  in-fcake  rate  had  not  dropped  to  0#2  inch  per  ho\ar« 
Again  we  can  see  that  -the  water  -was  held  on  the  study  area  for  -fcoo 
long  a  period*    The  time  of  application  should  "be  reduced  and  could 
be  shortened  still  further  if  the  normal  intake  rate  was  maintained 
by  keeping  farm  machinery  off  when  the  soil  is  at  or  near  field 
capacity.    Additional  information  is  needed,  such  as  the  maximum 
flow  of  -water  which  could  be  applied  without  causing  erosion. 

Quick  tests  show  that  seme  ammonia  and  nitrates  were  held  in  the 
ridges  in  spite  of  leaching  irrigations* 

From  these  trials,  w©  may  conclude  that  a  comj^ct  sandy  loem  has 
a  slowly  permeable  intake  rate.    Furthermore,  that  -the  -water  -was 
allowed  to  run  too  long  and  that  both  irrigations  -were  leaching 
irrigations  because  -water  was  lost  beyond  the  root  zone. 


In  25  out  of  32  irrigations  for  a  -wide  range  in  soils,  less  than 
three  inches  of  water  were  stored  in  the  root  zone  two  days  after 
irrigation.    The  depth  of  the  root  zone  varied  from  20  to  36  inches 
in  eight  areas  and  from  36  to  60  inches  in  the  other  two.    Itader  the 
conditions  of  this  study  as  little  as  -two  inches  of  -water  should  bp 
applied  if  the  nitrates  are  to  be  held  in  the  upper  part  of  "the  root 
zone  under  border  irrigation.    Such  small  quantities  of  water  cannot 
be  applied  -without  changes  in  irrigation  practices  on  the  penneable 
soils  s-tudied. 

Un-til  irrigation  -trial  date  are  available  for  specific  areas,  tex- 
tures -varying  from  medium  to  hea-vy  may  be  combined  for  estimating 
•the  expec-ted  net  gain  in  -the  surface  soil,  subsoil,  and  substratum. 
Table  1  shows  -the  maximum  and  a-rerage  net  gain  for  -three  separations 
of  alluvial  soils  "which  are  not  affected  by  alkali,  -water  tables, 
and  are  non-gravelly. 

TABLE  1.    Bet  gain  .-two  days  after  irrigation  expressed  as  inches/foot 
(ten-tative) 


MET  GAm 


Tex-ture 


Surface 
Max.  Aver. 


Subsoil 
Max.  Aver. 


Substratum 
Max.  A-ver. 


1,  2,  3 

k 

5  or  P 


2.1 
1.5 
0.7 


1.8 
1.2 
0.6 


0.9 
0.6 
0.k 


1.5 
1.0 

0.5 


0.6 
O.k 
0.2 


1.0 
0.5 


Al -though  individual  exceptions  occur,  -the  net  gain  -two  days  af-ter 
irrigation  for  soils  of  medium  and  hea"vler  texture,  moderately  light 
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and  light  is  about  3^2:1  ratio.    The  average  majcimxan  gain  per  foot 
of  medium  to  heavy  textured  surface  soils  is  2.1  inches,  whereas 
that  of  moderately  light  textures  is  1»5  inches.    Maximum  gains  in 
the  subsoil  are  about  75-85^  of  the  surface  soil  and  60-70^  in  the 
substratvm.    If  all  irrigations  are    included  the  average  gain  in 
the  subsoil  is  only  half  of  the  maximum  gain. 


GRASS  MTJLCHES 

It  should  be  pointed  out  that  the  grass  mulches  in  this  study  were 
much  heavier  than  those  usually  obtained  from  crops  other  than  grass 
seed  production  under  irrigated  conditions.    Furthermore,  the  avail- 
able storage  capacity  of  most  of  the  soils  studied  was  less  than 
three  inches  of  soil  moisture.    Since  the  grass  mulches  not  only 
slowed  up  -the  speed  of  the  water,  but  also  increased  the  intake  rate, 
excessive  applications  and  losses  of  water  resulted.    A  two-inch 
mulch  on  a  clay  soil  necessitated  an  average  application  of  5»7 
inches  of  water  for  three  irrigations  in  order  to  cover  a  border 
380  feet  long.    In  19^6,  after  removing  the  mulch  (figure  l)  the 
average  volime  of  water  applied  for  four  irrigations  was  only  U-l 
inches  or  a  saving  of  1.6  inches  of  water.    On  a  sandy  loam  soil 
the  leaving  of  one  heavy  crop  of  sand  lovegraas  increased  the  time 
to  irrigate  one  acre  by  23  minutes  and  increased  the  volume  of 
water  required  to  cover  the  border  by  0.6  inch.    T3hder  conditions 
pertaining  to  grass  seed  production,  mulches  have  increased  intake 
rates  so  that  losses  from  the  root  gone  of  water  and  soluble 
nitrogen  have  occurred. 

MEASURES  FOR  SAVIUG  WATER 

1.  If  feasible,  level  the  land  to  uniform  grade  and  eliminate 
side  slope  for  border  irrigation.    Rougher  areas  can  be  used  for 
either  row  irrigation  or  corrugations. 

2.  On  permeable  soils  apply  the  minimum  volixne  of  water  necessary 
to  cover  the  area  by  cptting  the  water  off  when  it  reaches  a  eet 
point  or  stake.    At  this  set  point,  the  water  is  cut  off  at  the 
maximum  distance  from  the  end  of  the  border  that  the  water  will 
satisfactorily  cover  the  border. 

3.  Carry  out  irrigation  trials  on  representative  farms  by  using 
the  following  steps:  (a)  install  a  weir  or  flume  on  the  area  to 
be  studied  in  order  to  measure  the  amount  of  water  being  applied. 

(b)  Take  soil  moisture  samples  by  one-foot  depths  before  and  after 
irrigation  in  order  to  determine  the  depth  of  penetration  and  the 
net  gain  of  water  in  the  root  zone  from  any  given  irrigation. 

(c)  Determine  the  intake  rate  of  the  study  area  by  dividing  the 
net  gain  by  the  time  that  the  water  remained  on  the  surface  of  a 
given  portion  of  the  border.    Devise  an  irrigation  system  which 
applies  the  minimum  volume  of  water  necessary  to  fill  the  root  zone. 
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APPLI CATION  OF  THE  RESULTS 

Most  of  the  irrigation  trials  and  soil  moisture  studies  •were 
conducted  on  permeable  soils  tmderlain  "by  sand  at  a  depth  ve.ry-~ 
ing  from  20  to  ^6  inches.    The  effects  of  uneven  grades  upon 
excessive    losses  of  vrater  should  apply  to  permeable  soils  which 
are  border  irrigated  in  New  Mexico,  Colorado,  Utah  and  parts  of 
Arizona.    The  excessive  use  of  water  in  row  irrigated  and  corru- 
gated areas  should  apply  to  northern  Hew  Mexico,  Colorado  and 
Utah.    The  excessive  water  losses  caused  by  mulches  on  permeable 
soils  of  coiu*se,  may  not  apply  to  slov/ly  permeable  soils.  The 
high  losses  of  soluble  nitrogen  reported  from  the  areas  used  for 
grass  seed  production  should  apply  to  other  crops  which  are 
heavily  fertilized  with  cammercial  nitrogen.    The  tentative  table 
of  maximum  net  gains  should  be  satisfactory  in  the  irrigated 
areas  of  New  Mexico,  Colorado,  and  Utah  except  the  mountain  meadows. 
The  average  net  gain  data  will  require  adjus"bnent  depending  upon 
the  tendency  to  irrigate  sooner  than  needed.    More,  of  course, 
needs  to  be  done  in  order  to  evaluate  net  gain  two  days  after 
irrigation,  especially  on  the  moderately  light  textured  surface 
soils.    There  is  also  need  for  more  rate  of  intake  data:  (l) 
•ttie  range  of  values  which  might  be  expected  during  a  rotation, 
and  (2)  the  effect  of  tillage,  mulches,  amendments,  structure  and 
compaction  upon  the  intake  rate.    Thus,  irrigation  systems  may  be 
designed  which  will  most  efficiently  apply  "liie  minimum  volume  of 
water  necessary  to  fill  the  root  zone  and  to  retain  plant  food. 


